Abstract-An automatic facility for measuring the three-dimensional structure of the near fields of microwave radiators and scatterers is described. The amplitude and phase for different polarization components can be recorded in analog and digital form using a microprocessor-based system. The stored data are transferred to a large high-speed computer for bulk processing and for the production of isophot and equiphase contour maps or profiles. The performance of the system is demonstrated through results for a single conical horn, for interacting rectangular horns, for multiple cylindrical scatterers, and for the fields inside an absorber lined chamber.
INTRODUCTION AND SYSTEM DESCRIPTION S OME CURRENT activities in the analysis and synthesis of radiating systems or scatterers have stimulated interest in the investigation of their near-field structure. For example, the relationship between current distribution and the near field is useful in understanding input impedance behavior [1] while for complex structures the near field can give insight to interaction and coupling between radiators and nearby passive objects [2] . Similarly, the immediate near field of scatterers can provide insight into diffraction and scattering mechanisms. Several practical motivations direct attention to near-field structure, in particular the emerging techniques of near-tofar-field transformation [3] , and also the analysis of radiator interaction as encountered in electromagnetic compatibility problems [4] .
In designing experimental equipment for near-field measurements, the quantities whose measurement is indicated are the amplitude and the phase of the various field components and, because of the field complexity, the three-dimensional structure may need to be determined. Apparatus for such measurements are characterized by the large number of data points which must be obtained, thus phot and equiphase maps of the field in selected sectional planes which, in ensemble, display the three-dimensional structure. Experience indicates that single maps for simple radiators (e.g., a single horn) require the acquisition and management of measurements at about 10 000 positions while more complex structures require data points of the order of 100 000 for each sectional plane.
This paper describes such equipment built for operation at 23.5 GHz or, optionally at other frequencies in the microwave region from 0.6 GHz and upwards. The facility consists of automated measuring equipment which determines the amplitude and phase of the near field of a radiating antenna or a scatterer. The measurements are made throughout a volume of space surrounding the object, are carried out in an anechoic room, and the resulting digitized data are processed into maps or other graphical form using a large high-speed computer interfaced with the facility's dedicated microprocessor-based computer. The system is described diagrammatically in Fig.  1 . The equipment can also be used for the determination of microwave two-port parameters when arranged in a closedcircuit form.
METHOD OF MEASUREMENT
The measurement determines the field's relative amplitude and phase. A sensing probe (small antenna) is placed in the field and is located by a triaxial optical bench system which allows positioning of the probe anywhere in a volume of the space enclosed by the anechoic chamber. The scanning is in cylindrical coordinates, the z axis corresponding to the optical axis of the measured radiating system, as illustrated in [5] . In the K-band (23.5-GHz) form of the equipment the positioning system scans a cylindrical volume approximately 1 OOX in diameter and about 150)X along the axis. The probe is moved along radial straight line scans and positioning accuracy is better than X/ 12.
The probes used are usually in the form of tuned or small dipoles although other probes may be used as well.
The field amplitude and phase are measured using a homodyne system [5] . In this system, a CW carrier source is separated into two paths, one of which is suppressed carrier double-sideband modulated and the other is used as a reference 0018-9456/80/1200-0455$00.75 () 1980 IEEE The control, the acquisition of data and its processing are structured on a microprocessor-based system (Motorola 6800). As shown in Fig. 1 , this system includes analog/digital conversion, floppy diskette storage, digital/analog conversion for process control, a video and hard copy terminal, and a communication interface to a large high-speed computer.
This system allows: for the control of the experiment, for the digital encoding of the measured data, for the bulk storage of the data, and for its subsequent transfer to a high-speed computer for processing into a form suitable for graphical display such as maps. If desired, the measured data can be displayed and recorded in analog graphical form in real time for monitoring purposes.
The measured data are basically available in terms of mechanical shaft positions of the reference attenuator, the phase shifter, and the probe position optical bench lead screws. These are encoded into digital form for storage and processing or converted to electrical analog form for real-time monitoring and display. The software which has been developed ( Fig. 2) includes subroutines: to digitize the amplitude, phase, and position information; to store the data in organized disk (floppy diskette) files already suitably scaled for future processing; to monitor the progress of measurements, including initial calibration procedures; to maintain directories and index files which provide direct access to any specific data scan or data point; to display a plot of data being measured in real time on a video terminal. Provision is made for controlling the probe position through the microprocessor thus giving opportunity for programmed positioning operation of the system, for example, enabling the probe to follow amplitude or phase contours.
In order to process the data in bulk for the production of maps etc., software has been developed to interface the microprocessor system with an AMDAHL large-scale high-speed computer through a serial line using available interactive computing facilities (MUSIC). The data are transferred to on-line disk files of the AMDAHL computer and then various interpolation, plotting, and other data processing routines are used to produce contour maps or section profiles and other forms of graphical display. This form of mapping preserves the quantitative nature of the information, which makes it useful for interpretation and for comparison with similar maps produced by theoretical numerical computation. In addition there is provision for similar data transfer and processing on a VAX Graphics computer for the production of qualitative graphical display in pseudocolor.
SYSTEM PERFORMANCE AND RESULTS
The system has been used to measure the fields of a wide range of different cases. These have included simple radiators such as horns, diffracting and focusing apertures such as lenses, scattering by multiple objects of different materials and shapes. A selection of cases is presented here to illustrate the capabilities of the system (Figs. 3, 4, 5, 6 ) and certain aspects of its performance.
Time is an essential parameter in evaluating the system. Manual or semiautomatic apparatus used in early versions required several days to measure a relatively simple map of a horn whose maps are shown in Fig. 3 . Depending on the complexity, the subsequent manual map drawing required many days up to several weeks. The present system can measure and acquire the data for a complex situation such as Fig.  6 (anechoic room) in one working day. Such a map is produced by making approximately one hundred line scans of the field, each scan lasting from 5 to 10 min, depending on the complexity of the field structure. Approximately "one data point" is recorded per second and the scanning speed is controlled in a manner to obtain sufficient detail in a rapidly changing field structure. Each "data point" includes the amplitude, the phase, and the three position coordinates in space. The speed limitation at the present time is not in the data acquisition process but in the measurement which involves the mechanical amplitude and phase substitution elements along with the electromechanical null-seeking techniques [5] . A system involving digitally controlled microwave attenuators and phase shifters is under development to overcome this speed limitation. The measurement speed would then be limited by the probe transport.
Although the map production requires only about one to two service units of the operating system and about an hour of CALCOMP off-line plotting time, the outputting of a map usually entails a second working day because of the usual operational scheduling of a large computer. The plotting time could be made shorter readily, but at this stage of development the production of maps is limited by the measurement time.
An important aspect of this system is the measurement of phase. In many cases the structure of a field may contain low-level regions or nulls which are not distinguishable from each other by amplitude measurements alone, due to noise limitations. Similarly single point or single scan profiles do not provide sufficient information even in terms of rapid phase change to allow discrimination between nulls and low minima. Such information however, is contained in the two-dimensional maps of equiphase contours which are characterized by a multivalued phase structure at the null locations [6] - [8] . The detailed examination of such regions requires the phase information to diagnose the presence of an absolute null. Structures illustrating this behavior are shown in Figs. 4 and 5. The null locations in some cases may characterize the behavior of scatterers in a unique one-to-one correspondence between the scatterer parameters and the nulls [9] . Fig. 6 illustrates the system capability of producing maps over a relatively extended region. This shows the field structure present within an absorber lined chamber illuminated by a dipole radiator operating at a frequency about one order of magnitude below the normal rated frequency of the absorber material. This indicates the degraded behavior of an anechoic room operated below its lowest rated frequency.
Finally the system can be used not only for field measurements but also in a "closed circuit" configuration. In this form it is useful for the determination of microwave two-port parameters as, for example, the determination of liquid crystal characteristics as a function of temperature and magnetic field at the phase transition point [10] . 
